Abstract: These considerations have been based on the updated list of archaeophytes appearing in Poland. The extent of endangerment has been assessed for particular species according to the updated IUCN classification. Non-threatened and invasive species have also been taken into consideration. A number of quite fundamental changes have been made to the classification, as compared to the publication of Zając et al. of 2009. 
Introduction
Changes which occur in the modern flora of the world, i.e. the decline of stenotopic elements on the one hand, and the expansion of eurytopic elements on the other, belong to the most commonly depicted phenomena of modern times. The distinction between native and alien elements and the observation of their relations result in attempts to save the former and the wish to remove the latter ones. The division of anthropophytes (archaeophytes) introduced by Thellung (1915 Thellung ( , 1918 and then adapted in Poland with some modifications made by Kornaś (Kornaś & Medwecka-Kornaś 2002) , allows to follow the history of the old anthropophytes (archaeophytes) in the florae of different areas. We limit ourselves to Poland and try to answer the question what their situation is like in the contemporary flora. Certainly, some of them, especially those extinct or critically endangered, have been the subject of a number of works (e.g. Anioł-Kwiatkowska & Szczęśniak 2011) . However, we wish to review their complete set and to discuss the forecasts for the future and possible measures to be taken by the man aimed at the depletion of archaeophyte flora to be prevented.
This work constitutes a continuation of the paper published in BRC five years ago (Zając et al. 2009 ). Quite significant modifications have occurred as compared to that work with respect to allocating to particular endangerment groups, whereby some slight changes should be noticed in the list of archaeophytes itself.
Methodical notes
It is a relatively complete list of archaeophytes appearing in Poland which should be the basis of considerations. One of the co-authors of this paper (Zając 1979 (Zając , 1983 (Zając , 1987a (Zając , 1987b (Zając , 1988 attempted to establish a complete list in 1970s and 1980s. Some modifications have been introduced since then which cover in total less than 10% of the list. Their contemporary, most complete list can be found in the book covering all anthropophytes reported from Poland, where the present authors listed, inter alia, the data for archaeophytes (Tokarska-Guzik et al. 2012) . The present list contains some changes with respect to several species, as compared to the previous one. It must be stressed that different Polish authors are of divergent opinion as to particular species to fall into or to be excluded from the archaeophyte group (e.g., Celka 2011; Woch 2012). This problem requires further research work so we accept the author's list to be the basis of this paper.
Methodical problems of classifying into the archaeophyte group were discussed in the previous paper (Zając & Zając 2011) . It should be stressed that over 77 per cent of them have archaeobotanical documentation as far as the age is concerned (Zając & Zając 2011) . It is more difficult to determine the IUCN-based endangerment category for archaeophytes, as compared to native species. Though the problem of disappearance of segetal weeds is supported by rich documentation, there is no data regarding archaeophytes appearing in ruderal habitats. Research regarding synanthropic florae of urban areas has never been a popular field of study in Poland. Principally, several florae can be mentioned which were investigated in large cities (SudnikWójcikowska 1987; Jackowiak 1993; Tokarska-Guzik 1999; Witosławski 2006) , where more or less complete floristic documentation existed before. Apart from few exceptions (Wołkowycki 2000) , there are no such works regarding areas of small towns or villages from a larger region. The question about the behaviour of particular species can only be answered by several years' exhaustive floristic study of an area where the whole vascular flora and the distribution of all its components have been explored in a methodical way. Then, we can say how the archaeophyte flora looks like presently in a given area and, if some historical data is available, we can make some reference to its dynamics. The possibility of finding some new stands of the endangered archaeophytes was also indicated by some detailed field research works (e.g., Szeląg 1997; Nobis et al. 2010) .
A number of studies carried out in Małopolska Upland, Sandomierz Lowland and in the Carpathians were used, as detailed floristic monographs including the research into their distribution within a cartogram net, in order to determine the present condition of several dozens of archaeophytes in Polish flora (Towpasz 2006; Nobis 2007; Nobis 2008; Piwowarczyk 2010; Stawowczyk 2010; Binkiewicz 2012; Pierścińska 2014; Wolanin 2014) . Unfortunately, there are no contemporary studies of this type so our information about the condition of a given species had to be based on a number of sources which may give some out-of-date information. It shows the need of very detailed field research works to be carried out in many parts of Poland and, with respect to archaeophytes, especially in Lower Silesia where only one floristic work covering a larger area has been published recently (Kwiatkowski 2006) .
The IUCN-based scale, slightly modified for the needs of this paper, was used for the assessment of endangerment of particular species. The question of the appearance of a given species in different habitats or even its tendency in this direction was found to be an important assessment factor. In our opinion, it enhances the chance of a given archaeophyte to be preserved in our flora. There are no data regarding several species. For example, it is the case regarding sub-species of two taxa of Rhinathus genus. They were not determined even in the modern florae, therefore it is necessary to collect herbarium materials including ripe seeds for their inventory.
Results
The results of archaeophytes classification from Appendix 1 are shown in Fig. 1 . Three subgroups were distinguished there in each category, i.e. archaeophytes appearing in segetal habitats, archaeophytes appearing in both segetal and ruderal habitats and archaeophytes of ruderal habitats. In Appendix 1, an additional designation ► was used in the upper index at the end of segetal archaeophyte names in the case of species which showed a weak tendency to appear sometimes in ruderal habitats, e.g. near railway lines.
Extinct species
Three species of archaeophytes were classified as extinct. Two of them, i.e. Camelina alyssum and Cus cuta epilinum, are specialized weeds of flax cultivation which perished as a result of the use of effective seed purification methods and efficient herbicides. Only one species of the extinct archaeophyte, i.e. Camelina alyssum can be found in the Polish Red Book (Mirek 2001) . The third of the extinct species, i.e. Vaccaria hispanica used to have numerous stands in Poland (approx. 300 stands were reported in literature). Like the two above-mentioned species, it was a speirochore and the effective method of seed purification eliminated this species from the established flora of Poland. Only segetal species belong to the extinct archaeophytes in Poland. In the paper of 2009 (Zając et al. 2009 ), we classified five species as extinct. Stachys arvensis was placed in the group of critically endangered species and Spergula arvensis subsp. maxima was included in the group of species about which no credible information was available; that group is discussed below. We can suppose this group to increase significantly, as a number of the taxa of critically endangered archaeophytes have a chance to largely enrich it.
Critically endangered species
In this paper, two groups were distinguished among critically endangered species which differ in their scopes in Poland. The first one, which is discussed below, covers the species whose range is limited to certain regions of Poland. It results from their habitatrelated preferences as they are only segetal weeds tied to the soil which has high calcium carbonate content and appear in the regions of the country with a warmer climate. In all, 14 species were classified in that group but there were differences between them in terms of the number of stands and the possibility to find more stands. Such species as e.g. Adonis flammea or Thyme laea passerina can be found as single specimens. Others, as for example Scandix pectenveneris or Allium rotundum can sometimes surprise, as they were found in new stands in hundreds of specimens (Zając et al. mscr a, mscr b). The remaining species can be found from time to time during field research works, as for example Nigella arvensis which was reported several times in the research carried out in the first decade of the 21 st century (Towpasz 2006; Nobis 2007; Piwowarczyk 2010) . In total, seven new stands were reported in those three studies. In the previous paper (Zając et al. 2009) , Stachys arvensis, a species appearing in Poland and having two main appearance centres in Lower Silesia and Gdańsk Pomerania, was classified in the group of extinct species. According to Dajdok and Śliwiński (2011) , it has two confirmed stands in Lower Silesia. Therefore, it was moved to the group of critically endangered species.
The second group of species with larger scopes in Poland covered five segetal species. Only one of them, i.e. Lolium remotum was indicated to be characteristic for flax cultivations. However, it had the largest ecological scale of all flax specialists. Linaria arvensis, a weed reported from sandy fields, often with a greater content of calcium carbonate, presently has only several or a dozen of stands in Poland. The two remaining taxa are two species from the genus of Rhinanthus alecterolo phus subsp. buccalis and Rh. serotinus subsp. apterus which are speirochores. The seeds of those subspecies are adapted to be disseminated along with grain seeds. We think these taxa to be critically endangered, although subspecies are seldom determined in current floristic works. For their identification, it is necessary to collect plant herbarium materials, including ripe seeds, which, unfortunately, most researchers do not do. However, the general process of speirochore disappearance due to the effective seed purification made us place them, as before, in the group of critically endangered species. The new archaeophyte species called Oro banche ramosa, which has only two stands in Poland at present (Piwowarczyk 2012), was also allocated to that group. This species is supposed to have been the parasite Cannabis sativa in the past.
It is difficult to predict the chance of the whole group of critically endangered species. Although they showed a high habitat-related and phytosociological community, detailed research may result in a change in endangerment degree for particular species. A paper from 2009 covered 13 species classified in the group of critically endangered ones. Presently, 18 species were placed in two subcategories of critically endangered ones, whereby 10 of them did not change their endangerment status. Three species, i.e. Chrysanthemum segetum (in the group of endangered species), Conringia orientalis (in the group of endangered species) and Erysimum repandum (in the group of species with no information available), were classified in a different way in this paper.
Endangered species
This category covers 15 species. In the abovediscussed category of critically endangered species, there were taxa which appeared in segetal habitats only. Among the endangered species, 9 appeared only in segetal habitats, 4 -in ruderal habitats and two were recorded in both segetal and ruderal habitats. In the previous paper (Zając et al. 2009) , that group covered 16 species. There were only 6 coinciding species, i.e.: Anagalis foemina, Chenopodium opulifolium, Ch. urbicum, Ch.vulvaria, Herniaria hirsuta and Veronica opaca. The status of several species was raised in the present list by moving them to the group of critically endangered species. They comprised: Bupleurum rotundifolium, Galium tricornutum, Kickxia spuria and Thymelaea passerina. The following taxa were moved to the group of perishing Explanations: 1 -extinct, 2 -critically endangered of limited range in Poland, 3 -critically endangered in the whole range in Poland, 4 -endangered, 5 -vulnerable, 6 -with the number of localities decreasing, 7 -with stable dynamics, 8 -expansion of species observed, sometime invasive, 9 -lack of data about species (data deficient); A -segetal species, B -species of ruderal and segetal habitats, C -ruderal species species from that of the endangered ones: Adonis aesti valis, Bromus arvensis, Lolium temulentum, Misopates orontium, Parietaria officinalis, Pisum sativum subsp. arvense and Silene gallica. The degree of endangerment was lowered for the following species by considering them to be vulnerable ones: Chenopodium murale, Coronopus procumbens, Fumaria schleicheri and Ga gea arvensis. Significant changes in this group of recession species were the result of detailed studies on recent reports concerning the above-mentioned archaeophytes and field research work carried out within their scopes in Poland (e.g. Anioł-Kwiatkowska & Szczęśniak 2011). The species which used to be quite common, e.g. Silene gallica, a cereal and root crop weed in Southern Poland, recently became extremely rare (Stawowczyk 2010; Anioł-Kwiatkowska & Szczęśniak 2011 , Binkiewicz 2012 . Other species, such as e.g. Fumaria schleicheri, a taxon which had never been common in Poland and which used to be tied to segetal communities, became an almost ruderal species and that is where it can be found most frequently.
Vulnerable species
In this paper, 26 archaeophyte species were classified in this group. As far as their habitat-related preferences are concerned, 18 species appeared only in segetal communities and 8 of them -in ruderal habitats. In the previous paper (Zając et al. 2009 thus Euphorbia falcata and Kickxia spuria which are disappearing quickly in all their scopes in Poland, were moved to the group of critically endangered species, and 7 species, i.e. Adonis aestivalis, Bromus arvensis, Lolium temulentum, Misopates orontium, Parietaria officinalis, Pisum sativum subsp. arvense and Silene gallica were moved to the group of extinction-threatened species. The remaining 7 species were classified in the groups of lower risk or even as unendangered ones. Such changes introduced in a relatively short time were necessary because of the intensive process of disappearance of stands of particular species, whereby the new field research work allowed to reassess the endangerment.
Species showing signs of recession
It is a group of species classified, according to IUCN, as taxa of lower risk. The group covers 25 species. It comprises taxa which were moved from the category of vulnerable ones, such as e.g. Camelina microcarpa subsp. sylvestris, Chenopodium ficifolium, Fumaria vaillantii or Lathyrus tuberosus, and those whose number of stands decreased as compared to the earlier Survival problems of archaeophytes in the Polish flora Maria Zając & Adam Zając period. Such losses do not constitute any threat for the species presence in Poland, but they draw our attention to those species. This group covered 10 species of segetal weeds, 10 species of ruderal habitats and 5 species appearing in both of the above-mentioned habitats. In field research carried out in recent years many species from this group were confirmed to have numerous stands of large specimen populations. Examples of population numbers in the areas covered by recent field research are shown in the diagram prepared for the taxa whose endangerment category was lowered. They are presented in Fig. 2 . Very high numbers of new stands were reported, especially for two species, i.e. Cam elina microcarpa and Lathyrus tuberosus. The lowest numbers of new stands were confirmed for Fumaria vaillantii, but this species was never common, and still many of its stands were found in ruderal areas, e.g. near railway lines. Chenopodium ficifolium occupied some specific habitats in the areas covered by the research work, as it appeared mainly in river valleys. Probably, that was the reason of its smaller population. Questions were also asked if this list should cover Leonurus car diaca. Apart from taxonomic problems, i.e. the failure to distinguish L. villosus in Poland which is common in the eastern part of our country (oral information by M. Nobis), this species is disappearing, especially in rural areas where the lack of its habitats begins to be a problem.
Stable species (showing no expansion
or decrease in the number of stands)
It was the most numerous group covered by this paper. It comprised 49 archaeophyte species. Only two of them were tied with segetal habitats and included Avena fatua and Bromus secalinus. The most numerous group (26 species) contained species of a wide ecological scale which appeared in both segetal and ruderal habitats. The remaining 22 species were taxa tied to ruderal habitats. The group of archaeophytes stable in their dynamic tendencies comprised the most common of them. The range of 25 species covered the whole territory of Poland; several of them were rare, e.g. Descurainia sophia, Papaver argemone, P. dubium in the Polish Carpathians. A number of the remaining archaeophytes from this group were rather rare in northeastern part of Poland. Anyway, that is how their ranges were shown by ATPOL (Zając & Zając 2001) . Current research by Pliszko (2014) showed this gap to be the consequence of the lack of information, as a number of species turned out to be quite common in the western part of Suwałki Lakeland. ATPOL research filled that gap with stands of the following species: Lactuca ser riola, Lamium album, L. amplexicaule, Malva neglecta, Papaver rhoeas, Senecio vulgaris, Sonchus oleraceus, Vicia hirsuta and V. villosa.
Archaeophyte species showing current growth of expansion dynamics
Archaeophytes which showed growth in the number of stands or possibly occupied some new habitats may be called invasive. There is a certain difference in our definition of the invasive species, as compared to that of Tokarska-Guzik (2005); we consider a taxon to be invasive when it penetrates semi-natural and natural communities. There were 9 such species in our list. Recently, careful attention was paid to propagation of Alopecurus myosuroides in segetal communities (Korniak & Szubstarski 2001; Dajdok & Szczęśniak 2009 ; Nobis 2010; Trzcińska-Tacik & Stachurska-Swakoń 2011), i.e. the species whose range was rather associated with the western part of Poland. Such species as Artemisia absinthium and Bromus sterilis enter lawns in areas where xerothermic plants appear and they become a big problem in certain protected objects, e.g. in "Bielinek on the Odra River" nature reservation (own observation). Echinochloa crusgalli enters aquatic (bulrush) communities in certain regions of Poland which is a big problem. This species shows a significant diversity in its native land, i.e. in south-eastern Asia. It can be, simultaneously, both a weed of rice fields and a natural component of bulrushes and communities with Bidens (alliances -Phragmition and Bidention tripar titi). The phenomenon of archaeophytes appearing as invasive species in literal sense is something new and it was observed in Poland during last thirty years and this process seems to become more intensive at present. 3.8. Species for which no information is available 11 species can be found in that quite diversified group. The distribution of a number of them is not known as they are often undistinguished, such as e.g. Avena ×vilis or Setaria verticilata. Other species, e.g. Sclerochloa dura, a very rare species in Poland, was found in new stands and in large populations, recently (Nobis 2008). In this situation it was difficult to classify it explicitly. Other species required new taxonomic studies to be carried out, e.g. two deadnettles, i.e. La mium incisum and L. moluccellifolium. The situation was similar with Solanum alatum and S. luteum. The specimens of nightshades must be picked with ripe fruit and their colour should be noted down when plants are still alive. Spergula arvensis subsp. maxima is treated as flax weed (Anioł-Kwiatkowska & Szczęśniak 2011). Meanwhile, there are many reports from Central Poland concerning the appearance of this subspecies in cereal communities. Rothmaler (1990) distinguished four subspecies of Spergula arvensis, i.e. subsp. arvensis, subsp maxima, subsp. linicola (Bor.) Janchen and subsp. sativa (Boenn.) Čelak. It is necessary to review materials from Poland and then it can turn out that only subsp. linicola became extinct. We hope that the gap resulting from the lack of explicit classification for these species will be filled after floristic and taxonomic research works are completed.
Discussion
The presented review of archaeophytes appearing in Poland made it possible to formulate certain reliable predictions concerning their future. Critically endangered species are certain to be added to the group of extinct species, if changes in the environment continue to advance at current pace and if they are of total nature, i.e. if they cover most segetal habitats in Poland. Indeed, we can observe a tendency that some of them find their habitats on boundary strips but they are, in turn, threatened by the introduction of large farms. The fact that the endangered species may grow in ruderal habitats may give them a chance to survive. A number of them found their habitats on the outskirts of towns, near railway lines, etc. As a rule, critically endangered species do not show such tendencies.
The endengered and vulnerable species -there may occur continual changes in their classification. Today, we have not any detailed local floristic research at our disposal which would be at a good taxonomic level for most territory of Poland. This causes that data from previous issues of Red Books and Lists are repeated in subsequent editions supplemented with some accidental data. Those archaeophytes which became extinct or critically endangered are seldom worked out in red books (there are only 6 archaeophyte species in the latest II issue). On the one hand, it is the result of the lack of knowledge and, on the other, it stems from our underestimation of cultural and scientific values of this part of flora. When analyzing Figure 1 , an obvious relationship can be noticed, i.e. going from the extinct and critically endangered to invasive species, the share of segetal species decreased, while the share of ruderal species and of those which can appear in both these types of habitats increased.
Some program-based activities should cause one or two floristic works to be prepared for each large phytogeographic region of Poland, including a distribution atlas for the taxa contained therein. Some large regions should be chosen for such research projects. A sample of flora for 800 or 1000 km 2 is sufficient. Such information should make it possible to adequately monitor the status of preservation of Polish archaeophyte flora in future.
Conclusions
The endangerment degree of 155 archaeophytes appearing in Poland was analyzed in the paper. Their list, slightly supplemented, was based on the list of Polish anthropophytes which had been published earlier, where we, as co-authors, dealt with the list of this group of species (Tokarska-Guzik et al. 2012) . The list shown in this paper is not final but, most probably, it will remain valid for some time.
The archaeophytes were divided into several groups, depending on their endangerment degree or its lack. The following species were found: three extinct species, 14 critically endangered ones, 18 endangered species, 15 vulnerable species, 25 species of lower degree of vulnerability, 49 species with stable dynamics, 10 invasive species and 11 species with an undetermined endangerment degree. Some significant changes were introduced with respect to the classification of archaeophyte endangerment, as compared to the list published five years ago (Zając et al. 2009 ). They can be attributed to our current better knowledge of the situation of individual species, which is the result of detailed observations carried out in Lower Silesia and in the Polish Carpathians, and, especially, the appearance of a number of good floristic publications (partly already published), in Małopolska Upland and in Sandomierz Lowland.
We postulate resumption of detailed floristic studies in different geobotanical regions of Poland, because without them verification of the list of endangered species, not only archaeophytes, will be based on data gathered accidentally.
We also postulate collection of seeds from Polish populations of archaeophytes appearing in Poland their storage in cryobanks, picking appropriate samples for molecular research and herbarial materials. It is also necessary to carry out detailed research of archaeophytes in future (e.g. comparing the ones appearing in our country with populations in their native lands). Explanations: DoE -degree of species endangerment: Ex -extinct in Poland, Crp -critically endangered of limited range in Poland, Crw -critically endangered in the whole range in Poland, En -endangered (above 80% of localities lost), Vu -vulnerable (near 50% of localities lost), Ld -with the number of localities decreasing, s -with stable dynamics, i -expansion of species observed, sometimes invasive, li -lack of information about the species current dynamics; habitats: • -segetal species, ► -segetal species with the tendency to occupy ruderal habitats, ■ -ruderal species, ♦ -species of both ruderal and segetal habitats
